Amorphus suaedae sp. nov., isolated from the root of a tidal flat plant, Suaeda maritima 
The genus Amorphus, belonging to the order Rhizobiales within the class Alphaproteobacteria, was proposed as a novel genus by Zeevi Ben Yosef et al. (2008) with Amorphus coralli isolated from coral mucus as the type species. At the time of writing, the genus comprises only two species with valid names, A. coralli and Amorphus orientalis, which are Gram-reaction-negative, halophilic, heterotrophic, aerobic, non-motile, and catalase-positive and oxidase-negative (Zeevi Ben Yosef et al., 2008; Wang et al., 2010) .
During a study of the endophytic bacterial community of halophytes, one novel strain designated YC6899
T was isolated from the root of a tidal flat plant Suaedae maritima inhabiting Namhae Island, Korea (Bibi et al., 2012) . A root fragment of the plant was surface-sterilized with 70 % ethanol for 5 min, 1.0 % NaOCl for 10 min and 70 % ethanol for about 10 s and rinsed several times with distilled water (Chung et al., 2008) . The samples was serially diluted in distilled water and an aliquot was spread on one-tenth strength R2A (1/10 R2A) medium in filtered seawater. Plates were incubated at 28 u C for 2-3 weeks and strain YC6899
T was isolated and cultured on marine agar 2216 (MA; Difco) for 3 days at 28 u C. The aim of this study was to determine the taxonomic position of strain YC6899
T by using a polyphasic approach.
Cell morphology was observed under a Nikon light microscope at 10006 magnification and the presence of flagella was investigated using a transmission electron microscope (Hitachi model H-600) with cells grown for 72 h at 28 u C in marine broth 2216 (MB; Difco). Gliding motility was tested using the hanging drop technique as described by Bernardet et al. (2002) . The Gram reaction was determined by using the bioMérieux Gram staining kit according to the manufacturer's instructions. Catalase and oxidase tests were performed by the procedures as outlined by Cappuccino & Sherman (2002) . The physiological properties of strain YC6899 T and related type strains, including A. coralli LMG 24307 T and A. orientalis DSM 21202 T , were determined using tests as described: methyl red and Voges-Proskauer tests (Smibert & Krieg, 1994) , hydrolysis of casein, gelatin, starch, L-tyrosine, urea (Lányí, 1987; Gerhardt et al., 1994) and carboxymethyl cellulose (Hendricks et al., 1995) , xylan (Ten et al., 2004) , and Tweens 20 and 80 (Atlas, 1993) . Bacterial growth at 4, 10, 12, 15, 20, 25, 28, 30, 37, 40, 45 and 50 u C and at pH 3These authors contributed equally to this study.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain YC6899
T is KC006961.
Three supplementary figures are available with the online version of this paper.
4.0-12.0 (at intervals of 0.5 pH units) was assayed after 5 days of incubation. Growth on MA, nutrient agar (NA), Luria-Bertani (LB) agar, MacConkey agar, Czapek-Dox agar, trypticase soy agar (TSA) and R2A agar was also evaluated at 28 u C after 5 days of incubation. Growth under anaerobic conditions was determined for 7 days at 28 u C in an anaerobic Gaspak jar (Gas-Pack System; BD). Salt tolerance was tested in NaCl-free artificial seawater (ASW) containing 5 g peptone and 1 g yeast extract supplemented with 0-18 % (w/v, at 1 % intervals) NaCl for 5 days at 28 u C (Kim et al., 2007) . Photosynthetic and carotenoid pigments were analysed using a methanol/acetone mixture (1 : 1, v/v) and a scanning UV/visible spectrophotometer (X-ma 1200; Human Corp.). H 2 S production was determined on Kligler iron agar (Difco). Enzyme activities and acid production from different carbohydrates were determined by using API ZYM and API 20E kits, respectively, at 28 u C according to the manufacturer's instructions (bioMérieux). Assimilation of various substrates was determined by using the API 20NE system. The oxidation of various carbon sources was tested using Biolog GN2 MicroPlates in accordance with the manufacturer's instructions. Duplicate antibiotic-sensitivity tests were done using filter-paper discs containing 10 mg ampicillin, penicillin, streptomycin or gentamicin and 30 mg chloramphenicol, rifampicin, vancomycin, tetracycline or kanamycin (Shieh et al., 2003) .
Cells of strain YC6899 T were Gram-reaction-negative, nonmotile, aerobic and rod-shaped (0.7-1.061.2-2.5 mm) (Fig.  S1 , available in IJSEM Online). The strain grew optimally on LB agar, R2A agar and TSA, but grew slowly on NA, CzapekDox agar and MacConkey agar. No photosynthetic and carotenoid pigments were detected. Negative reactions were obtained for the methyl red and Voges-Proskauer tests and H 2 S production. Resistant to gentamicin (10 mg), kanamycin (30 mg) and penicillin (10 mg), but sensitive to ampicillin (10 mg), chloramphenicol (30 mg), rifampicin (30 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg). Physiological, biochemical and molecular characteristics of strain YC6899
T are presented in the species description and a comparison of selected characteristics with those of related type strains is given in Table 1 .
Genomic DNA of strain YC6899
T for 16S rRNA gene amplification was extracted by using a commercial DNA extraction kit (Core Biosystem). The 16S rRNA gene of the strain was PCR-amplified from the genomic DNA using primers 27F and 1492R (Lane, 1991) . The amplified PCR product was cloned into T & A cloning vector (RBC) and sequenced by GenoTech Inc. 16S rRNA gene sequences were compiled using SeqMan software (DNASTAR) and the sequences of related taxa were obtained from the GenBank database. Multiple alignments were performed using the CLUSTAL X program (Thompson et al., 1997) . Gaps were (2008) . dData were obtained in this study and were different from the previously reported results.
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edited in the BioEdit program (Hall, 1999) . Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1972) and maximum-likelihood (Tamura et al., 2011) algorithms in MEGA 5.10 software (Tamura et al., 2011) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . Pairwise sequence similarity values between strain YC6899
T and related taxa were computed through the EzTaxon-e server (Kim et al., 2012) .
The 16S rRNA gene sequence of strain YC6899 T was a continuous stretch of 1452 nt. Strain YC6899
T was related most closely to A. orientalis YIM D10 T (96.1 % similarity) and A. coralli RS.Sph.026 T (95.9 %). Phylogenetic analysis based on the neighbour-joining algorithm indicated that strain YC6899
T formed a cluster with members of the genus Amorphus with 100 % bootstrap support (Fig. 1) . The topology of the phylogenetic trees based on the maximum-likelihood and maximum-parsimony algorithms also showed this relationship (Fig. S2 ).
For analysis of cellular fatty acids, strain YC6899
T and related type strains were cultivated in MB at 28 u C and cells were harvested at the mid-exponential growth phase (OD 600 of 0.4-0.5). The analysis of fatty acid methyl esters was performed according to the instructions of the Microbial Identification System (MIDI; Microbial ID, Inc.). Extracts were analysed by GC (Agilent 6890) and identified by comparing the fatty acid profiles with the TSBA 40 database provided with the Sherlock Software 4.0. Isoprenoid quinones were extracted and analysed using reversed-phase HPLC according to the method described by Komagata & Suzuki (1987) . The DNA G+C content of strain YC6899 T and related type strains was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). 
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Polar lipids were extracted using a modified version of the method of Minnikin et al. (1984) and separated by TLC on a Merck Kieselgel 60-HPTLC system. Aminolipids were detected by spraying the plate with a 0.2 % (w/v) solution of ninhydrin in butanol saturated with water followed by heating at 105 u C for 10 min (Ross et al., 1985) . Phospholipids were detected by spraying the plate with Zinzadze reagent of Dittmer & Lester (1964) . Glycolipids were detected with 1-naphthol spray reagent by heating at 100 u C for 3-5 min (Jacin & Mishkin, 1965) . The presence of phosphatidylcholine was detected with Dragendorff reagent (Sigma-Aldrich). Total polar lipid profiles were detected by spraying with phosphomolybdic acid solution (Sigma-Aldrich) followed by heating at 150 u C for 10 min.
The cellular fatty acids (.1 %) of strain YC6899 T comprised C 19 : 0 cyclo v8c (66.9 %), C 18 : 1 v7c (16.7 %), 11-methyl C 18 : 1 v7c (4.3 %), C 20 : 1 v7c (4.3 %), C 17 : 0 (3.3 %), C 18 : 0 (2.5 %) and C 16 : 0 (1.9 %) ( Table 2 ). The major fatty acids, C 19 : 0 cyclo v8c and C 18 : 1 v7c, of strain YC6899
T were similar to those of related species, but strain YC6899 T could be distinguished from A. orientalis DSM 21202 T and A. coralli LMG 24307
T based on the contents of these fatty acids. C 16 : 0 was detected only in strain YC6899 T ( Table 2 ). The major respiratory quinone detected in strain YC6899 T was ubiquinone 10 (Q-10). The DNA G+C content of strain YC6899
T was 61.3 mol%, whereas values for A. orientalis DSM 21202 T and A. coralli LMG 24307 T determined in the present study were 58.6 and 62.1 mol%, respectively. These were lower than previously reported data for A. orientalis DSM 21202 T (65.4 mol%; Wang et al., 2010) and A. coralli LMG 24307 T (67.1 mol%; Zeevi Ben Yosef et al., 2008). The DNA G+C contents of the three strains were repeatedly determined by using the fluorometric method as described above. The values originally given for A. orientalis and A. coralli (Zeevi Ben Yosef et al., 2008; Wang et al., 2010) were determined by HPLC (Mesbah et al., 1989) . Differences in the G+C contents between the present and previous studies may be due to the standard deviations of the experimental results. T showed a polar lipid profile consisting of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), unknown aminolipids (AL1 and 2), an unknown aminophospholipid (APL), an unknown aminoglycolipid (AGL), unknown glycolipids (GL1-5) and unknown lipids (L1 and 2). Although strain YC6899
T shared all polar lipids (DPG, PG, PE, AL1, AL2, APL, AGL, GL1, GL2, GL3, GL4, GL5 and L1) as detected in A. orientalis DSM 21202 T and A. coralli LMG 24307 T , a minor unknown lipid (L2) was not detected in A. orientalis DSM 21202 T (Fig. S3 ).
Phylogenetic analysis ( Fig. 1 and Fig. S2 ), differences in physiological and biochemical characteristics (Table 1) , fatty acid profile (Table 2 ) and polar lipid profiles (Fig. S3 ) clearly distinguish strain YC6899 T from closely related species of the genus Amorphus. Thus, we suggest that strain YC6899
T represents a novel species of the genus Amorphus, for which the name Amorphus suaedae YC6899 T sp. nov. is proposed.
Description of Amorphus suaedae sp. nov.
Amorphus suaedae (su.ae9dae. N. L. gen. n. suaedae of Suaeda, isolated from Suaeda maritima, referring to the source of isolation of the type strain).
Cells are Gram-negative, rod-shaped, aerobic, 0.7-1.0 mm in width and 1.2-2.5 mm in length. Cells are non-motile and non-endospore forming. Colonies grown on MA at 28 uC for 2 days are 0.8-1.2 mm in diameter, white-cream, circular with entire margin. Growth occurs at 12-40 u C (optimum, 25-37 u C) and at pH 5.0-10.5 (optimum, 6.5-8.0). Grows in the presence of 0-10 % (w/v) NaCl (optimum, 2-4 %). Catalase-positive and oxidase-negative. Urea is hydrolysed. Casein, aesculin, gelatin, Tween 20, Tween 80, L-tyrosine, starch, cellulose and xylan are not hydrolysed. Negative for methyl red and Voges-Proskauer tests, H 2 S production and nitrate reduction. Oxidizes dextrin, glycogen, cellobiose, L-fucose, D-galactose, gentiobiose, D-psicose, pyruvic acid methyl ester, citric acid, Dglucuronic acid, c-hydroxybutyric acid, a-D-glucose, Dsorbitol, succinic acid, D-alanine, L-asparagine, L-aspartic acid, L-glutamic acid, D-serine and L-serine as a single carbon source available in Biolog GN2 MicroPlates. In the API ZYM kit, shows positive enzyme activities for alkaline phosphatase, esterase (C4), leucine arylamidase, acid phospatase and naphthol-AS-BI-phosphohydrolase, but not for lipase (C14), a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, cystine arylamidase, a-chymotrypsin, a-mannosidase or a-fucosidase. In API 20E kit, o-nitro-phenyl-b-D-galactopyranoside, arginine, lysine, ornithine, sodium citrate, sodium thiosulfate, urea, tryptophan, sodium pyruvate, Kohn's gelatin, glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose are not assimilated. The polar lipids are diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), unknown aminolipids (AL1 and 2), an unknown aminophospholipid (APL), an unknown aminoglycolipid (AGL), unknown glycolipids (GL1-5) and unknown lipids (L1 and 2). The major cellular fatty acids are C 19 : 0 cyclo v8c and C 18 : 1 v7c. The major isoprenoid quinone is Q-10.
The type strain, YC6899 T (5KACC 14912 T 5NBRC 107845 T ), was isolated from the root of Suaedae maritima collected from the tidal flat area of Namhae Island, Korea. The DNA G+C content of the type strain is 61.3 mol%.
